We demonstrate the viscosity measurement using laser-trapped liquid crystal droplet. The viscosity determined experimentally depended on the diameter of the droplet and boundary conditions at the liquid crystal surface which was changed by adding surfactant.
In the fast-growing field of the nano-, microworld research, the momentum of photons has become a tool to hold, manipulate, and characterize objects with dimensions from 10 nm to 50 14ml. Laser tweezers has become a powerful tool to study the microscopic structure and microrheology. It has recently been demonstrated that a birefringent spherical particle of vaterite trapped by circularly polarized laser tweezers can be used to measure the viscosity of the environment in 2 which it is spinning (1) where P is the laser trapping power at the focus, w is the cyclic frequency, G50ut is the polarization coefficient, and r with Q are the radius and spinning frequency of the laser-manipulated sphere. The change in ellipticity of the circularly polarized light of the tweezers after passing through the particle is accounted for by 50out, which can change from 0 for linearly polarized output to +1 for fully left-and right-polarized light output, respectively.
Here, we show applicability limits of the proposed concept for the probing of microenvironments and demonstrate the viscosity determination using liquid crystal droplet. First, the eqn. 1 is only valid for a non-slipping boundary condition, which applies for hydrophilic surfaces. Conversely, for a hydrophobic surface, a 100 nm hopping of water molecules has been established3. This results in an effectively lower viscous drag. Secondly, only the longitudinal projection of the cumulative angular momentum of the passing light spins the particle. The half-cone angle of focusing is larger than 2/3 in standard laser tweezers. Third, the shape of laser-tweezed "soft" bio-materials can be changed due to their ductility4, consequently, the rotational drag coefficient becomes different and modifies the spinning efficiency5 rendering, also, eqn. 1 invalid.
In order to test the proposed concept2 and listed precautions, we carried out a laser-tweezed spinning experiment on nematic liquid crystal droplets, which formed perfect spheres by surface tension in water. Laser-tweezers were modified to reproduce the same setup as in ref. 2 . Figure 1 shematically illustrates the principle of measurement. We used the 4-pentyl-4'-cyanobiphenyl (CB5, Aldrich) and E44 (Merck) nematic liquid crystals in D20, which has negligible absorption at 1064 nm. This excluded 2 heating present in the reported experiments . Hence, alterations of viscosity due to rising temperatures were avoided while the sphere size and laser power dependence of the measured viscosity were tested. Each liquid crystal forms 1-10 pIm droplets by self-organization with the bipolar structure when dispersed in D20. In conclusion, we have demonstrated that the viscosity determination method of ref. 2 can not be used without the knowledge of actual light intensity distribution inside the microsphere and its wettability and shape. Viscosity value depends on the diameter of droplet and the condition of liquid crystal surface.
